Two experiments were conducted to determine the effects of dietary NDF on apparent ileal and fecal digestibility and portal flux of nitrogen ( N ) and amino acids, and on N retention in growing pigs. In four equal portions (at 0600, 1200, 1800, and 2400) barrows on Treatment B received a basal diet, based on casein, cornstarch, and dextrose, at a feeding level of 2.6 times energy for maintenance. Barrows on Treatment B+NDF received an additional amount of 15% (wt/wt) of purified wheat bran NDF (pNDF). In Exp. 1, four ileally cannulated barrows (40 to 75 kg) were used in a crossover arrangement comprising two treatments and three periods. The addition of pNDF decreased ileal N digestibility from 94.1 to 88.9% ( P < .001), whereas ileal digestibility of most amino acids was 2 to 5.5 percentage units lower ( P < .001).
Introduction
Fiber in the diet of growing pigs may reduce nutrient digestibility due to reduced nutrient absorption and(or) increased endogenous excretion. Both the level and source of fiber influence the secretion and reabsorption of endogenous nitrogen ( N ) and amino acids (Low, 1985; Sauer and Ozimek, 1986; Schulze et al., 1995) . Because plant fiber consists of a number of different fibrous components, purified fibrous fractions must be studied to elucidate the effects of specific chemical or physical properties of fiber on nutrient digestion and utilization (Larsen et al., 1993) . Schulze et al. (1994 Schulze et al. ( , 1995 reported a decreased ileal DM and N digestibility when purified NDF ( pNDF) from wheat bran was included in the diet of young pigs. Furthermore, Giusi-Perier et al. (1989) reported a decreased amino N appearance in portal blood when purified cellulose was added to the diet, indicating that dietary fiber also can affect the portal uptake of amino N. However, no information is available on the effect of dietary NDF on the uptake of amino acids in the portal blood and on the post-absorptive efficiency of amino acid utilization. Therefore, this study was conducted to determine the effect of pNDF on ileal and fecal digestibility, on portal flux of N and amino acids, and on N utilization in growing barrows between 40 and 80 kg of BW. effect of pNDF on the uptake of N and amino acids in the portal vein was measured. The experiments were conducted in accordance with the standards of the Ethics Committee of the ID-DLO Institute.
Diets and Feeding.
At an age of 9 wk, a total of eight castrated male pigs (Large White × (Finnish Landrace × Dutch Landrace) were gradually adapted to the basal diet. Surgeries were conducted 2 to 3 wk later to place blood catheters and ileal cannulas. After recovery from surgery, the barrows gradually received incremental amounts of the experimental diets until they consumed an amount of the basal diet equal to 2.6 times energy for maintenance ( M = 418 kJ ME/kg BW .75 ) . This study comprised two treatments. Barrows on Treatment B received the basal diet, based on casein, cornstarch, and dextrose (Table 1) . Nitrogen and amino acid levels in the basal diet were chosen at such levels that they should not limit performance in the starter and growing period (Lenis, 1992) . Barrows on Treatment B+NDF received the same amount of basal diet plus an additional amount of 15% (wt/wt) of pNDF. Analyzed composition of the basal diet and pNDF are given in Table 2 . The experimental diets were fed four times daily in equal amounts at 0600, 1200, 1800, and 2400. The diets were mixed with water immediately before feeding, at ratios of 1:2.9 and 1:2.7 (wt/vol) for Treatments B and B+NDF, respectively, thus allowing a similar ratio between daily water and energy intake for barrows on the two treatments.
Preparation of pNDF. The purified NDF was prepared from wheat bran using the following procedures (Mollee et al., personal communication; Schulze et al., 1994) : a ) Two hundred kilograms of wheat bran (21.7 g of N/kg, 73.2 g crude fiber/kg) was ground through a 2.7-mm-mesh screen. b ) In batches of 10 kg, the wheat bran was mixed with water (1:5, wt/vol) of 35°C for 10 min under continuous stirring. Subsequently, the wheat bran was separated from the dissolved starch by sieving the mixture over a 1.5-mm nylon mesh under manual pressure using a plate with the same size as the mesh and repeatedly rinsing the substrate with tap water until no starch could be detected in the filtrate. c ) The wheat bran was washed in water of 80°C (1:10, wt/vol) with 2% soap (Teepol HB7, Shell Nederland Chemie B.V.) for 90 min under continuous stirring. The soap was removed by repeated rinsing with cold water and sieving under pressure. d ) The remaining substrate was incubated (1:10, wt/vol) in a 1% pancreatin solution (Merck 7133) for 24 h at 35°C and mixed three times during this period. The substrate was rinsed with cold water and the washing procedure ( c ) was repeated with 1% soap. e ) The rinsed and sieved residue (pNDF) was dried for 72 h at 70°C. Subsequently, the pNDF was ground through a 1-mm-mesh screen.
Experiment 1
Four 12-wk-old barrows, BW 26.5 ± .6 kg, were fitted with a steered ileo-cecal valve cannula (Mroz et al., 1996) . The barrows were individually housed in conventional stainless steel metabolism crates (1.2 m × .6 m ) that allowed separate collection of urine and feces at a room temperature of approximately 20°C. After a recovery period of 8 d, the barrows were assigned to two experimental treatments ( B and B+NDF) providing three replications in a crossover design (Jones and Kenward, 1989) . Each of these three replications consisted of an adaptation period of 8 d, a 7-d N balance period, and a period of 6 d in which ileal chyme was collected during two periods of 12 h with a rest period of 4 d in between. The mean BW in the three respective balance periods was 41.1 ± 1.7, 58.0 ± 3.1, and 75.3 ± 4.7 kg.
Experimental Procedures. In the balance periods, feces were collected quantitatively four times daily and stored at −25°C. Urine was collected in H 2 SO 4 (40%, wt/vol), removed daily, and stored at 4°C. At the end of each balance period, the daily collections of feces and urine were pooled per pig and sampled for proximate analysis. Ileal digesta were collected as described by Mroz et al. (1996) . Collections from both days were combined per pig and sampled for proximate analysis. The fecal and ileal digestibility of nutrients and the N balance were determined using chromic oxide (Cr 2 O 3 ) as an indigestible marker.
Analytical Procedures. The standard Weende method was used to determine DM, ash, ether extract, N, and crude fiber in the basal diet, the pNDF, and the feces (AOAC, 1984; Mroz et al., 1996) . Nitrogen was determined in urine, fresh feces, and ileal digesta; DM, ash, and ether extract were determined in freezedried ileal digesta. Chromium content in the diet, freeze-dried ileal digesta, and feces was assessed by atomic absorption spectrophotometry (Perkin-Elmer model 1100, at 357.9 nm) according to Williams et al. (1962) . In the basal diet and the pNDF, starch was determined enzymatically, and reducing sugars were photometrically analyzed using the copper-neocuproine procedure (Van Vuuren et al., 1993) . Neutral detergent fiber, ADF, and ADL (Goering and Van Soest, 1970) and amino acids were analyzed in the basal diet, the pNDF, and the freeze-dried ileal digesta. Neutral detergent fiber was extracted after incubation with a-amylase for 15 min. Acid detergent fiber was determined in the neutral detergent residue. Amino acids (excluding tryptophan, methionine, and cystine) were analyzed by ion-exchange chromatography after hydrolysis for 23 h in 6 N HCl (Schram et al., 1953) . Cystine and methionine were analyzed after oxidation with performic acid and subsequent hydrolysis (Schram et al., 1954) . Tryptophan was determined in a hydrolysate, by reverse-phase liquid chromatography using a C18 (Hypersil) column, and detection at 217 nm. The hydrolysate was obtained by oxygen-free hydrolysis during 12 h under vacuum in 4 N lithium hydroxide in the presence of starch (Sato et al., 1984) .
Nitrogen bound to NDF ( NDF N) was analyzed in the pNDF and ileal chyme. Determination of NDF N involved isolation of the neutral detergent residue following the procedure for NDF, except the final ashing step. Nitrogen was subsequently analyzed in the neutral detergent residue.
Statistical Analyses. The crossover arrangement allowed the possibility of testing carryover effects, and if necessary to correct for these effects. Because there were no significant carryover effects, these were excluded from the model. The effects of dietary treatment on digestibility coefficients and N balance were determined using analysis of variance (Genstat 5 Committee, 1987 ). The following model was used: Y ijk = m + T i + P j + A k + e ijk , where Y ijk = dependent variable, m = overall mean, T i = treatment ( i = 1, 2), P j = period ( j = 1, 2, 3), A = animal ( k = 1, 2, 3, 4 ) and e ijk = residual error. In the last period, one barrow had to be removed from the experiment because of large feed refusals. This observation was treated as a missing value.
Experiment 2
Four 11-wk-old barrows (mean BW 25.5 ± .4 kg) were fitted with indwelling catheters in the portal vein and mesenteric vein and artery. The barrows were individually housed in metabolism cages at approximately 20°C. After a recovery period of 10 d, the barrows were assigned to two experimental treatments ( B and B+NDF) providing three replications according to a crossover design (Jones and Kenward, 1989) . One barrow had to be removed from the experiment during the first collection period because of blockage of the catheters. As a consequence, the arrangement had to be changed. The final arrangement comprised three barrows assigned to two experimental treatments ( B and B+NDF) providing five replications according to a crossover design. Each of these five periods consisted of an adaptation period of 5 d and a blood collection period of 6 h, from 0600 to 1200. The mean BW at the start and the end of the experimental period was 30.0 ± .8, and 53.5 ± 2.0 kg, respectively. Table 3 . Flow at the terminal ileum and apparent ileal digestibility of N, DM, and NDF, and fecal output and fecal digestibility of N and DM, in cannulated barrows receiving the basal diet (B) or the basal diet plus pNDF (B + NDF) a a Data are means + SED for three sequences of measurements according to a crossover design in four barrows weighing 41.1 ± 1.7, 58.0 ± 3.1, and 75.3 ± 4.7 kg during the first, second, and third sequence of measurements, respectively.
b Nitrogen bound to NDF. Surgery. Catheterization of the portal vein and the mesenteric vein and artery was carried out according to Huntington et al. (1989 (Yen and Killefer, 1987) . After surgery and between sampling sessions, the catheters were filled with physiological saline containing (per mL) 250 IU heparin, 3,000 IU procaine benzylpenicillin, and .01 mL benzyl alcohol, and they were secured on the back of the barrows using a Velcro system. Physiological saline containing 5 IU heparin/mL was used for flushing the cathethers during sampling sessions.
Measurements. Portal vein plasma flow was measured by the continuous infusion indicator dilution technique using para-aminohippuric acid ( PAH) as the indicator. The portal vein blood flow ( PVBF) was derived from the plasma flow by correcting for the packed cell volume (Yen and Killefer, 1987) . At 0500, 13 mL of a 15 g/mL PAH solution was infused into the mesenteric vein and subsequently PAH was infused continuously at a rate of 1.2 mL/min for 6 h. Blood samples of 10 mL were taken simultaneously from the portal vein and the mesenteric artery at 0555 just before feeding, and at 0630, 0700, 0730, 0800, 0900, 1000, 1100, and 1200.
The flux of nutrients into the portal vein was calculated from the differences in concentration of nutrients between portal and arterial plasma multiplied by the corresponding portal vein plasma flow rate (Rérat et al., 1988c) . From the fluxes measured at regular intervals after the meal, the cumulative flux over the period of 6 h between two meals was calculated.
Analytical Procedures. Blood samples were collected in cooled heparinized centrifuge tubes and placed immediately in ice. An aliquot of whole blood from each sample was drawn into a micro-hematocrit capillary tube and centrifuged at 10,000 × g for 3 min to determine packed cell volume (International Microcapillary Reader, International Equipment Company, Boston, MA). The rest of the blood was centrifuged ( 0°C, 3,000 × g, 10 min) and within 24 h the refrigerated plasma was analyzed for ammonia and urea (Test combination 542946, Boehringer, Mannheim, Germany) and a-amino nitrogen (Huntington, 1984) . An aliquot of the plasma was stored at −80°C until it was analyzed for PAH (Eisemann et al, 1987) and free amino acids (De Jonge and Breuer, 1994) . The latter were analyzed in plasma, sampled at 0555, and from 0700 onward at hourly intervals.
Statistical Analyses. The effects of dietary treatment on blood flow, nutrient concentrations, and nutrient fluxes were determined for each sampling time and for Figure 1 . Portal vein blood flow rate (mean ± SE) in pigs fed the basal diet (◊) or the basal diet plus an additional amount of pNDF (⁄). Differences between diets, *P < .05, **P < .01.
the means over the 6-h measuring period using analysis of variance (Genstat 5 Committee, 1987 ). The following model was used: Y ijk = m + T i + P j + A k + e ijk , where Y ijk = dependent variable, m = overall mean, T i = treatment ( i = 1, 2), P j = period ( j = 1, 2, 3, 4, 5), A = animal ( k = 1, 2, 3 ) and e ijk = residual error.
Results

Experiment 1
Analysis of pNDF (Table 2 ) showed a NDF content of 805 g/kg, consisting of approximately 67% hemicellulose, 23% cellulose, and 10% lignin. Furthermore, pNDF contained 6.7 g N/kg, of which 4.3 g was N bound to NDF (NDF N).
As shown in Table 3 , the barrows on Treatment B+NDF received 2.9 g of N more per day than barrows on Treatment B; 1.5 g was N from pNDF, of which 1.0 g was NDF N. The remaining 1.4 g was N from the basal diet, consumed as a result of a slightly higher mean body weight. Ileal and fecal flow of N and DM were higher on Treatment B+NDF and, as a result, apparent ileal N ( P = .004) and DM ( P < .001) digestibility were lower on Treatment B+NDF, whereas no difference was found in digestibility of NDF ( P = .39). The ileal digestibility of NDF N was 29.5%. Addition of pNDF to the diet reduced the apparent ileal digestibility of most of the amino acids by 2 to 5.5 percentage units ( P < .005), but the digestibility of cystine, alanine, and glycine was reduced by 18, 16, and 12 percentage units, respectively (Table 4) . As a result, pNDF had a small negative effect on the ileal digestible intake of most amino acids, but a larger effect on intake of cystine and alanine.
Results of the N balance (Table 5 ) showed an increase in N excretion in the feces ( P < .001) and a decrease of N excreted in the urine ( P = .01) with addition of pNDF to the diet. The N retention and the utilization of ileal digestible N were higher ( P = .03) on the diet with pNDF.
Experiment 2
Portal Vein Blood Flow. For both treatments, PVBF increased the 1st h after feeding and decreased thereafter (Figure 1 ). The mean PVBF was higher for Treatment B+NDF than for Treatment B (36.2 vs 30.4 mL·min −1 ·kg −1 ; P = .02).
Ammonia and Urea. The mean portal plasma ammonia concentration was higher on Treatment B than on Treatment B+NDF ( P = .006). For both treatments, the concentration increased sharply with approximately 50 mmol/L over the first .5 h after feeding and decreased gradually thereafter. The arterial ammonia concentration was relatively constant over the measuring period and no differences were detected between the two treatments (Table 6 ). Portal uptake of ammonia was highest during the first 3 h after feeding. No differences in ammonia flux between the two treatments were found.
Portal and arterial urea concentrations were essentially constant over the 6-h measuring period. Both portal and arterial urea concentrations tended to be higher on Treatment B. The differences between portal and arterial concentrations were small, and the slightly higher arterial urea concentration indicated a small negative urea flux on both treatments (Table  6 ).
α-Amino Nitrogen. Both the portal and arterial aamino N concentrations increased sharply over the first .5 h after feeding and decreased thereafter (Figure 2a ). The mean a-amino N concentrations were not significantly different for the two treatments (Table 6 ). The portal flux of a-amino N was highest during the first 2 h after feeding and decreased thereafter (Figure 2b ). The total flux over 6 h was similar for the two treatments (Table 6 ). The absorption coefficient of a-amino N was 70.5 and 68.8% (SED = 4.6, P = .72) for Treatments B and B+NDF, respectively.
Amino Acids. Amino acid concentrations in portal and arterial blood increased over the 1st h after feeding and decreased gradually thereafter. The mean portal ( P < .05) and arterial ( P < .1) concentrations of cysteine, and the mean portal and arterial concentrations of threonine, tryptophan, arginine ( P < .05), and total essential amino acids ( P < .1) were higher on Treatment B (Table 7) . Arterial concentrations of lysine, alanine, glycine ( P < .1), isoleucine, and aspartic acid ( P < .05) were higher on Treatment B+NDF. The portal concentrations were higher than the arterial concentrations for all amino acids except glutamine and glutamic acid, indicating a net uptake . Differences between diets, in both portal and arterial concentrations, and portal flux, *P < .05, **P < .01.
of the latter two amino acids from the arterial blood by the gut wall. The net portal flux of amino acids was not different for the two treatments (Table 8 ). The portal uptake of ileally digested amino acids was 42.6 and 39.1% of the ileally digested amino acids for Treatments B and B+NDF, respectively. For both treatments the uptake of essential amino acids was much higher than that of nonessential amino acids.
Nitrogen Absorption. Nitrogen absorbed as ammonia, urea, and amino acids was 56.3 and 49.3% of the total N intake on Treatment B and B+NDF, respectively, and was not different ( P = .47) between the two treatments (Table 6 ).
Discussion
Nutrient Digestibility. Addition of pNDF increased the flow of DM and N at the terminal ileum and reduced their ileal and fecal digestibility. Partially, these effects were a direct result of adding a fibrous product with a low digestibility to a highly digestible semisynthetic diet. The ileal N digestibility decreased by 5.2% with the addition of 15% pNDF to the diet. This is in good agreement with Schulze et al. (1994) , who found a decrease of 4.9% with the inclusion of 18% pNDF in a diet based on soya isolate, cornstarch, and glucose. This decrease can be the result of the low true digestibility of N from pNDF, a negative effect of pNDF on the true digestibility of the basal diet, and an increase in endogenous losses. The digestibility of NDF N was only 30% (Table 3) . This is much lower than the ileal digestibility of N in wheat bran of 63% (Graham et al., 1986 ) because a large part of the N in wheat bran ( N content 22 g/kg) was washed out during the purification. Apparently this soluble N is more digestible than NDF N. Nitrogen bound to NDF is poorly digested because digestive enzymes have limited access to cell wall components and enclosed cell contents (Bjergegaard et al., 1991) .
Daily N flow at the terminal ileum on Treatment B+NDF was 2.1 g higher than on Treatment B. Assuming a constant digestibility of the basal diet, we calculated that .1 g of N originated from the slightly higher intake of basal diet on Treatment B+NDF. The remaining 2.0 g was attributed to pNDF. Daily N intake from the pNDF was only 1.5 g/d, of which at least .3 g (NDF N ) was digested (Table 3) . Consequently, part of the extra N flow at the terminal ileum was caused by increased endogenous losses or a decrease in digestibility of N from the basal diet. Assuming a digestibility of non-NDF-N nitrogen in pNDF ( N in pNDF but not bound to NDF) of at least 30% and presumably about 65% (Graham et al., 1986) , between .9 and 1.1 g, or 45 to 55%, of the extra N losses were from direct exogenous origin. The remaining 2.0 g of extra N losses (1.1 to .9 g ) were from endogenous origin or from a decreased digestibility of the basal diet. Schulze et al. (1995) , using the 15 N-isotope dilution method, reported that 60% of extra N losses with pNDF were from endogenous origin. Increased losses may result from secretion of endogenous N (e.g., proteolytic enzymes and epithelial cells; Bergner et al., 1975 ) and a reduced absorption of amino acids. The latter can be attributed to an effect of fiber on intestinal viscosity (Shaw et al., 1982) , an increased passage rate of digesta (Stanogias and Pierce, 1985a) , or adsorption of amino acids and peptides to fiber (Bergner et al., 1981) .
With the addition of pNDF the ileal digestibility of most amino acids was reduced by 2 to 5.5 percentage units but by 12 to 18 percentage units for cystine, alanine, and glycine. This can be explained by the relatively high contribution of pNDF to the dietary concentrations of these amino acids and the low digestibility of amino acids from pNDF. On Treatment B+NDF, pNDF contributed 2 to 4 percentage units of the total amino acids in the diet, but cystine, alanine, Table 4 . Apparent ileal digestibility (%) of amino acids in cannulated barrows receiving the basal diet (B) or the basal diet plus pNDF (B + NDF) a a Data are means + SED for three sequences of measurements according to a crossover design in four barrows weighing 41.1 ± 1.7, 58.0 ± 3.1, and 75.3 ± 4.7 kg during the first, second, and third sequence of measurements, respectively. and glycine from pNDF accounted for 18, 7, and 13 percentage units of the total dietary supply of these amino acids, respectively. In addition, the bigger decrease in digestibility of cystine, alanine, and glycine compared to the other amino acids can be partly caused by a relatively high level of these amino acids in endogenous gut protein (Lenis, 1980; Sauer and Ozimek, 1986 ). However, threonine, which also is relatively high in endogenous protein, did not show a bigger decrease in digestibility. A decrease in ileal amino acid digestibility was also reported by the inclusion of 5% wheat straw meal (Den Hartog et al., 1988) , 15% cellulose or beet pulp (Dierick et al., 1983) , and 10% ground barley straw (Sauer et al., 1991) . The magnitude of the effect depends on the digestibility of the basal diet, the level and composition of the fiber, the contribution of the fiber source to the dietary amino acid supply, and whether fiber replaces another feedstuff or is added to the diet as a supplement.
Nitrogen Retention. Nitrogen intake and retention in the balance period were calculated per kilogram of BW .75 to correct for the slightly higher intake of the basal diet on Treatment B+NDF. The negative effect of pNDF on the ileal N digestibility did not result in a lower N retention. On Treatment B+NDF, N excretion in the feces was higher but N excretion in the urine was lower and the total N excretion was similar for Table 6 . Mean arterial and portal plasma concentration and portal flux of ammonia, urea, a-amino N, amino acid N, and total portal N uptake in pigs receiving the basal diet (B) or the basal diet plus pNDF (B + NDF) a a Data are means + SED for five sequences of measurements according to a crossover design in three barrows weighing 36.7 ± 1.5, 44.3 ± 2.1, 48.7 ± 2.5, 50.7 ± 2.5, and 53.7 ± 2.5 kg during the subsequent measurements, respectively.
b Sum of N in ammonia, urea, amino acids, citrulline, hydroxyproline, taurine, and ornithine. the two treatments despite the higher N intake on Treatment B+NDF. Both N retention and utilization of ileal and fecal digestible N were higher with addition of pNDF to the diet. The increase in N retention was .13 g/kg .75 , whereas the increase in ileally digested N intake was only .03 g/kg .75 . Consequently, the higher N retention on Treatment B+NDF could not be explained by an increase in digestible N intake. However, because of the contribution of pNDF to the energy intake, the DE intake on Treatment B+NDF was 9% higher than on Treatment B, 1.16 vs 1.06 MJ/(kg .75 ·d) ( P < .001). This extra energy presumably allowed the barrows to realize a higher N retention. This assumption was supported by the finding that ileal digestible N utilization significantly decreased with increasing body weight from 77% at 41 kg to 60% at 75 kg BW (data not shown), indicating that especially at higher body weights energy intake limited N retention. These results indicate that especially at the higher body weights, amino acid intake was not limiting N retention. Under these conditions, an increase in energy intake can improve N retention and utilization (Bikker et al., 1993) . Part of this extra N retention on Treatment B+NDF may have been deposited as protein in the digestive tract, as suggested by results of Stanogias and Pearce (1985b) , who found an enlargement of the digestive tract on diets with added wheat bran. An increase in N retention and utilization of fecal digestible N was found with the addition of 8% and 15% wheat straw (Malmlöf and Hå kansson, 1984) or wheat middlings to the diet (Pals and Ewan, 1978) . The addition of incremental amounts of wheat bran increased N retention without clear effects on the utilization of fecal digestible N (Stanogias and Pearce, 1985a) , whereas inclusion of 20% wheat bran in an isoenergetic and isonitrogenous diet decreased the utilization of total ingested N, but not of fecal digestible N (Moore et al., 1986 ). In general, the effect of fiber on N retention depends on the fiber type (Stanogias and Pearce, 1985a) , the protein/energy ratio of the diet relative to the animals' requirement, and the composition of the diets. The latter implies that the effect of fiber may differ for situations in which fiber is added to the diet, exchanged on a weight basis with an energy source, or exchanged on an isoenergetic and(or) isonitrogenous basis. It is clear from this and other studies that fiber can reduce N and amino acid digestibility. However, there are no indications that dietary fiber also reduces the utilization of ileally digested amino acids for N retention. In contrast, when energy intake limits N retention, the energy supply from dietary fiber can improve N utilization.
Portal Vein Blood Flow. The values for PVBF and the postprandial increase in PVBF were in agreement with results of Yen and Killefer (1987) , Yen et al. (1989) , and Yen and Pond (1990) , who reported values between 30 and 40 mL·min −1 ·kg −1 , determined with the PAH dilution technique in pigs between 35 and 55 kg. The increase in PVBF with the addition of pNDF to the diet agreed with the increase in cecal blood flow in rats when oat fiber was included in the diet (Younes et al., 1995b) . However, Rérat et al. (1988c) and Guisi-Perier et al. (1989) did not find an effect of source of protein or carbohydrate on PVBF in pigs. Consequently, type and amount of ingested nutrients can have a variable effect on PVBF (Chou and Coatney, 1994) .
Urea and Ammonia. The insignificantly more negative urea flux on Treatment B+NDF provided enough N to the hindgut to realize the higher fecal output of 2.5 g/d, because the N flow at the terminal ileum was already 2.1 g/d higher than on Treatment B. Whether the urea secretion into the gut is significantly increased when fiber is included in the diet (Younes et al., 1995b) or not (Malmlöf, 1987; Mosenthin et al., 1992b ) depends on the N flow from the ileum into the Table 7 . Mean arterial and portal plasma free amino acid concentrations (mmol/L) in pigs receiving the basal diet (B) or the basal diet plus pNDF (B + NDF) a a Data are means + SED for five sequences of measurements according to a crossover design in three barrows weighing 36.7 ± 1.5, 44.3 ± 2.1, 48.7 ± 2.5, 50.7 ± 2.5, and 53.7 ± 2.5 kg during the subsequent measurements, respectively.
b,c Differences between diets ( P < .05).
d,e Differences between diets ( P < .10). cecum in relation to the presence of fermentable carbohydrates in the hindgut, and plasma urea content (Younes et al., 1995a,b) . The lower plasma urea content on Treatment B+NDF, which also was reported by Malmlöf (1987) with the addition of wheat straw meal to the diet, agreed with an increased N retention. This may be the result of the extra energy (VFA) available from Treatment B+NDF. As a consequence, urea production and N excretion in the urine were reduced. This explanation was supported by results of Kirchgeßner et al. (1994) , who reported an increase in N retention and utilization and a decrease in plasma urea content when starch was added to a diet adequate in protein.
There was no evidence that ammonia absorption from the large intestine was reduced with added pNDF, as reported for the addition of starch by Mosenthin et al. (1992a) . Although the ileal N flow and fecal N output indicated that 1.1 (Treatment B ) and .7 (Treatment B+NDF) g of N per day was absorbed from the hindgut, this was not reflected in a difference in the ammonia flux between the two treatments, although portal ammonia concentrations were lower on Treatment B+NDF. Similar results were reported by Malmlöf (1987) for wheat straw meal in pigs and by Younes et al. (1995b) for oat fiber in rats. Moreover, portal ammonia flux does not directly reflect the ammonia absorption from the gut lumen because ammonia is also synthesized in the gut wall, for instance from glutamine (Windmueller and Spaeth, 1980; Rérat et al., 1988b) .
These results imply that fermentable carbohydrates may cause a shift in N excretion from urine to feces, but urea is not necessarily involved as a N source for bacterial protein (Malmlöf, 1987) . The net urea flux depends on the type of fermentable energy and the dietary protein content (Rërat and Buraczewska, 1986 ).
α-Amino-Nitrogen. The rapid postprandial increase in portal and arterial concentrations and portal flux of a-amino N and the subsequent gradual decrease were in agreement with results of Malmlöf et al. (1988) , Table 8 . Total portal flux of free amino acids over 6 h, expressed in mmol and relative to the amount of ileally digested amino acids, in pigs receiving the basal diet (B) or the basal diet plus pNDF (B + NDF) a a Data are means + SED for five sequences of measurements according to a crossover design in three barrows weighing 36.7 ± 1.5, 44.3 ± 2.1, 48.7 ± 2.5, 50.7 ± 2.5, and 53.7 ± 2.5 kg during the subsequent measurements, respectively.
b Combined flux of asparagine plus aspartic acid and glutamine plus glutamic acid, respectively. Rérat et al. (1985 Rérat et al. ( , 1988c , and Galibois et al. (1989) . The absorption coefficients of a-amino N in our study, on average 70%, were similar to values reported for diets based on wheat (71%) and barley (62%) (Rérat, 1988) , fish meal (69 to 76%) (Rérat et al., 1985 (Rérat et al., , 1988c , and fish meal plus cellulose, alfalfa meal, or lactose (70, 74, and 76%, respectively; Giusi-Perier et al., 1989) . Guisi-Perier et al. (1989) reported that the absorption coefficient of a low-cellulose fish meal diet was reduced from 95 to 70% when 10% maize starch was replaced with cellulose. However, in that study, fecal N digestibility was lower than the absorption coefficient, suggesting that absorption on the high-cellulose diet was not completed within the 12-h measuring period. Therefore, it is not clear whether an effect of cellulose on the absorption coefficient at the end of digestion was present. Malmlöf et al. (1988) reported a 14% lower porto-arterial difference when wheat straw meal was added to the diet, but whether this resulted in a decreased portal flux was not determined. In our study, the addition of pNDF reduced the ileal and fecal N digestibility by 5 and 6%, respectively. A small reduction in the absorption coefficient of a-amino N could, therefore, be expected. However, the 2% difference between Treatments B and B+NDF was not significant. We concluded that there is no clear evidence that fiber caused a reduction of a-amino N uptake in the portal vein.
Amino Acids. The small differences in digestibility of amino acids between the two treatments (Table 4 ) did not result in significant differences in the portal flux of amino acids (Table 8) . Nevertheless, large differences were found in the absorption coefficient of individual amino acids. Especially absorption of glycine and alanine was high, whereas the absorption of glutamine and glutamic acid was negative, in agreement with Rérat et al. (1988a) , Darcy-Vrillon et al. (1991) , and Simoes Nunes et al. (1991) . The large differences in absorption of these amino acids are the result of metabolic processes in the gut wall. Glutamine and glutamic acid are converted into alanine, citrulline, proline, and ammonia, and ornithine is synthesized from arginine Spaeth, 1976, 1980; Rérat et al., 1988a,b) .
The portal flux of total amino acids was low: 42.6 and 39.1% of the ileally digested amino acids were absorbed on Treatments B and B+NDF, respectively. Equally low absorption coefficients of 58, 41, and 44% were reported for wheat-, barley-, and corn-based diets, respectively (Rérat, 1988) . Much higher absorption coefficients were reported by Rérat et al. (1988a) for fish meal-based diets, 56 to 82%; by Galibois et al. (1989) and Simoes Nunes et al. (1991) for casein and rapeseed-based diets, 76 to 104%; and by DarcyVrillon et al. (1991) for a casein-based diet, 128%. Part of the differences between these values was caused by the quantity of ingested protein and the length of the measuring period, as suggested by results of Rérat et al. (1988a) , Galibois et al. (1989) , and Simoes Nunes et al. (1991) .
In the cited studies, amino acids and other nutrients were measured in the blood and not in the plasma, as in our study. Blood plasma is the main interorgan vehicle of most amino acids. Nevertheless, human erythrocytes can both actively and passively contribute to the amino acid transport (Proenza et al., 1994; Tunnicliff, 1994) . Pico et al. (1994) reported differences in the ratio between plasma and erythrocyte amino acid concentration in portal and arterial blood. These results suggest that erythrocytes may participate in the intertissue amino acid transport, but the importance of their contribution is unclear. Therefore, calculating the portal amino acid flux based on plasma concentrations and portal plasma flow may result in a lower value than when this flux is based on blood flow and blood amino acid concentrations.
Finally, part of the amino acids may have been absorbed as small peptides. Mechanisms of peptide transport have been reviewed by Webb et al. (1992) , but there is no information available about the quantitative significance of peptide absorption in pigs. From the absorption of a-amino N of 266 and 269 mmol/6 h on Treatment B and B+NDF, respectively, only 219 and 212 mmol was accounted for by ammonia and amino acids (Table 6 ). Consequently, 47 and 57 mmol of a-amino N may have been absorbed as small peptides. Assuming that these peptides were mainly di-and tripeptides (Webb et al., 1992) , this equals between 1.3 and 2.0 and between 1.6 and 2.4 g of N for Treatments B and B+NDF, respectively. These results indicate that up to 35 or 40% of N may have been absorbed in the form of di-and tripeptides. However, it may also be that acid deproteinization was not completely efficient and that residual protein contributes to overestimation of a-amino N (Backwell, 1994) , indicating that less di-and tripeptides may have been absorbed. Accurate methods are required to determine portal absorption of free + peptide-bound amino acids.
Implications
Dietary neutral detergent fiber reduces ileal and fecal digestibility of nitrogen and amino acids and causes a shift from nitrogen excretion in urine to nitrogen excretion in feces. This may reduce ammonia volatilization from animal facilities. Whether urea is involved as a nitrogen source for bacterial growth depends on the type and amount of fermentable energy and the nitrogen flow at the terminal ileum. The effect of neutral detergent fiber on nitrogen retention depends on the method of inclusion in the diet and on the dietary protein:energy ratio. If added to the diet, extra energy from the fiber may increase nitrogen retention.
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